Abstract Many coral reef fishes exhibit unique reproductive strategies that can play a central role in conservation programs. Cardinalfishes (f. Apogonidae) are all paternal mouthbrooders, where the male holds the fertilised eggs in his mouth until they hatch. Males may fertilise the eggs of multiple females resulting in polygyny and skewed reproductive success. Here we present 23 tetranucleotide microsatellite loci in four multiplexes to identify breeding strategies in the Pyjama cardinalfish, Sphaeramia nematoptera (Bleeker, 1856). All markers were polymorphic with a mean of 14.39 ± 1.61 SE alleles per locus and an average observed heterozygosity of 0.624 ± 0.054 SE across 384 genotyped individuals. This marker set provides a rare opportunity to investigate mating behaviour, reproductive success, kin group structure and larval dispersal in natural populations of a coral reef fish targeted by the aquarium trade.
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Keywords Microsatellite multiplex Á Parentage analysis Á Dispersal Á Extra-pair mating Á Apogonidae Not much is known about the reproductive biology of the group-living Pyjama cardinalfish, Sphaeramia nematoptera. Ongoing observational studies in Papua New Guinea suggest it has a monogamous mating system, where breeding pairs stay together over multiple brooding cycles. However, only molecular studies can confirm true monogamy. Since paternal mouthbrooding also leads to short pelagic larval durations, the limited dispersal potential and connectivity between isolated coral reefs is likely to result a high degree of inbreeding. Here we describe the isolation and characterisation of 23 microsatellite markers in four multiplex PCRs suitable to identify extra-pair mating and genealogical relationships in populations of the Pyjama cardinalfish. Understanding the unusual mating system of cardinalfish and connectivity between isolated reefs will help the conservation of this species, which is regularly targeted by the aquarium trade.
Tissue samples for 384 adult S. nematoptera were collected from inshore reefs in Kimbe Bay, Papua New Guinea (5°30 0 S, 150°05 0 E). All tissue samples were collected between October 2012 and July 2013. Fish were captured using diluted clove oil as an anaesthetic and hand nets. Small fin clips were removed and preserved in 95-100 % ethanol. Genomic DNA was extracted from fin tissue following procedures described in the NucleoSpin 96 Tissue kits (Macherey-Nagel, Germany).
Microsatellite markers were identified from a microsatellite-enriched library and a 454 pyrosequencing method performed on genomic DNA using the Genome Sequencer FLX following the manufacturer's instructions (Roche 454 Life Sciences, Basel, Switzerland). Primers were designed using MsatCommander (Faircloth 2008) with melting temperatures of 60°C to minimising heteroduplexing in multiplex PCRs and tertiary structure formations. Selected marker were labelled with one of the fluorescent dies 6-FAM, NED, PET or VIC and integrated to four multiplex PCRs (Table 1) . The primer pairs were combined in premixes with in reaction concentrations adjusted for even amplification ranging from 0.03 to 0.1 lM. QIAGEN Microsatellite Type-it kit (QIAGEN, Germany) was used to perform the multiplex reactions in a total reaction volume of 10 ll containing 5 ll of QIAGEN Multiplex Master Mix (29), 3 ll of distilled water, 1 ll of primer premix, and 1 ll template DNA (34-97 ng). Multiplex PCRs were performed on Veriti thermal cyclers with the following sequence: 15 min initial denaturation at 95°C, five cycles of 30 s at 95°C, 90 s at 62°C, and 60 s at 72°C, then five cycles of 30 s at 95°C, 90 s at 60°C, and 60 s at 72°C, then 20 cycles of 30 s at 95°C, 90 s at 58°C, and 60 s at 72°C, followed by 30 min at 60°C. After a 1:15 dilution PCR products were screened with an ABI 3370xl DNA Analyzer (Applied Biosystems) with the GeneScan 500 LIZ (Applied Biosystems) internal size standard. Genotypes were scored in GENEMAPPER v4.0 (Applied Biosystems) and unique alleles were distinguished using marker specific binsets in MSATALLELE (Alberto 2009 ).
The number of alleles per loci for 384 S. nematoptera ranged from three to 31 with an average observed heterozygosity (±SE) of 0.624 ± 0.054. Out of 23 markers, nine did not conform to Hardy-Weinberg expectations and no loci showed significant pairwise linkage disequilibrium, as determined in GenePop on the web (Rousset and Raymond 1997; Rousset 2008) . Significance levels of 0.05 were adjusted for a given false discovery rate of 10 % to account for multiple testing. Thus the three multiplexes are suitable to study a range of ecological and evolutionary questions and identify breeding strategies and reproductive success. Simulations confirmed this suite of markers will resolve parent offspring relationships with an accuracy of correct assignments and correct exclusions of 99.03 ± 0.24 % SE (Harrison et al. 2014) . In situ population studies will thus provide accurate information on breeding strategies and dispersal patterns that will serve to improve our understanding of these important ecological processes.
